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Mariko Nuno* : A new lichen substance, Nephroarctin, 
contained in Nephroma arcticum 

7ft ^7D7'-^y|coV't 

(PI. IX) 

Nephroma arcticum (L.) Torss., a beautiful lichen with green algae 
as gonidia, occurring in northern hemisphere including Japan, was studied 
chemically at first by Hesse 15 , who isolated usnic acid and a hydrocarbon 
nephrin C 20 H 32 and by Zopf 25 , who isolated zeorin beside them. In 1960 
Wetmore 35 reported the occurrence of a carotenoid as the prominent ingredient 
together with nephrin (in 58% specimens) and zeorin (in 63% specimens) in 
this species. As the conclusive factor of his so-called “ carotenoid ”, he 
showed only crystals yielded under cover glass in G. A. An., but no important 
property such as over sensitiveness towards air, followed by the fading of 
color etc. 

In the course of my study on lichens collected on higher mountains in 
Japan, chemisms of N. arcticum have called my special attention, as its 
medullary layer fluoresces by irradiation with ultra violet light, becomes 
reddish brown by FeCl 3 in alcohol, and is colored deep yellow by PD, and 
its benzene or acetone extract gives characteristic compounds from G. A. An. 
or G. A. oT. by microcrystallization, suggesting the presence of aldehyde 
group in its molecule. Recently I have isolated from N. arcticum collected on 
Mt. Ontake, Central Honshu a new lichen substance, which I call Nephroarctin. 

By the formation of characteristic anilin compound, it was decidedly 
shown that Wetmore’s so-called “ carotenoid ” represented the crystal form 
of nephroarctin derivative. 

Extraction of Nephroarctin Dried lichen thalli were extracted with 
ether in a soxhlet apparatus until the extract solution becomes colorless. 
The orange colored ethereal extract was evaporated and the residue was 
stirred, after a small amount of warm acetone was added. After the in- 

* Iatrochemical Research Foundation, 5-35-23, Daita-machi, Setagaya-ku, Tokyo, Japan. 


— 7 — 



72 


BSfn 44 ip 3 £ 



soluble whitish crude zeorin was filtered off, the combined acetone filtrates 
were evaporated and the residue was dissolved in boiling benzene. After 
standing overnight hexagonal crystals of zeorin separated, which were 
filtrated. The benzene filtrate was moderately concentrated and after standing 
a little while, filtered again to remove zeorin. The filtrate, concentrated if 
necessary, was poured into a glass tube percolator, filled with silicagel 5 > for 
column chromatography, which was previously treated with 0.5 N oxalic acid, 
and at last was separated into 4 fractions by means of eluting solvent, 
benzene-ethylacetate (5:1). Generally these fractions were obtained in the 
order of usnic acid, nephroarctin, undetermined substance, and zeorin. 

Nephroarctin C 2 oH 2 o0 7 recrystallized from benzene appears, almost color¬ 
less or more or less yellowish prisms of m. p. 192-193° and is optically 
inactive. It is soluble in hot benzene, ethylacetate, acetone, ether and chlo¬ 
roform but scarcely soluble in alcohol. 

Color reaction PD + deep yellow; FeCl 3 in alcohol + reddish brown; 
K + yellowish; KC + orange yellow; C in alcohol + yellow; Liebermann’s 
reaction negative ; homofluorescein reaction reluctantly positive (successively 
heating with KOH + chloroform and diluting). 

Microcrystallization test Crystals of pure nephroarctin in GE, oT and 
An are a little different from those of cold benzene extracts of thalli of N. 
arcticum, probably because nephroarctin is mixed with other substances in 
the benzene extracts. The difference is shown in Table 1 and PL IX. 

Thin layer chromatography Small fragments of N. arcticum were 
extracted in a small test tube with cold benzene for about 15 minutes. The 
benzene solution was evaporated and the extract was spotted on glass plates 
which were coated with Merck’s silicagel G and treated with 0.5 N oxalic 
acid solution, and was chromatographed by using benzene-chloroform-ethyl- 
acetate (3:3: 0.3) as developing solvent. After the solvent was evaporated, 
the chromatograms were detected as colored spots by spraying with 10% 
sulphuric acid and heating over an alcohol flame. Nephroarctin gives brownish 


5) The mixture of 70-80 and 100 meshes (1:4) of silicagel for column chromatography was sub¬ 
merged in 0.5 N oxalic acid solution, filtrated after standing overnight, and divided into two 
parts. The half part of the silicagel was washed with acetone, dehydrated under the reduced 
pressure and dried in an oven •■•(A). The other half part of it was washed with water in 
order to dilute the acidity, before being treated as same as A —(B). A and B which were 
mixed in 2:3 ratio were filled into a glass tube percolator. 
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Table 1. Results of crystal tests. 


Pure nephroarctin 

Cold benzene extract 

GE 

colorless rectangular or square 
or rhombic crystals, somewhat 
resembling those of barbatic 
acid (PI. IX, Fig. 1) 

colorless granular and small 
dice like crystals after 1 or 2 
days (PI. IX, Fig. 2) 

oT 

yellow irregular thin plates, 
without heating (PI. IX, Fig. 3) 

yellow slightly curved needles 
after an hour and small thin 
plates after standing overnight, 
without heating (PL IX, Fig. 4) 

An 

yellow elongated prisms, swol¬ 
len in the center and tapering 
towards each end like a spindle 
(PI. IX, Fig. 5) 

yellow boat shaped or leaflet¬ 
like plates (PI, IX, Fig. 6) 


■orange spot at Rf 0.45, whereas zeorin gives a purple spot at Rf 0.045, along 
with an orange spot of unknown substance at Rf 0.40 and some other pale 
spots probably yielded by triterpenes. 

Chemical constitution of Nephroarctin According to Y. Kuwada, K. 
Kamiya, and M. Nuno«, the chemical investigation of Nephroarctin has been 
carried out on the grounds of infrared and mass spectrometry and through 
the identification of 10 functional 
groups by n. m.r. spectroscopy 
and the determination of the lo¬ 
cation of each substituents on 
the two aromatic nucleus by the 
X-ray crystallography. It was 
decided to be a phenyl-benzoate 
derivative • • • 3-methoxy-2, 5, 6-trimethylphenyl 3, 5-diformyl-2, 4-dihydroxy-6- 
methylbenzoate of the following structure (Fig. 1). 
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Fig. 1. Chemical structure of nephroarctin. 



74 




mm 44 ^ 3 n 



versity of Tokyo. Furthermore, I wish to thank Dr. S. Kurokawa, in the 
National Science Museum, Tokyo, and Mr. M. Togashi, in Res. and Develop. 
Div., Takeda Chem. Ind., Ltd., for their kindly supplying the valuable sam¬ 
ples for extraction. 

References 

1) Hesse, O. (1898) : Beitrag zur Kenntniss der Flechten und ihrer charak- 
teristischen Bestandtheile. Journ. f. prakt. Chemie (2) 57 : 442-443. 2) Zopf, 

W. (1909) : Ueber die in den Lappenflechten (Peltigeraceen) vorkommenden 
Stoff. Ann. d. Chemie 364: 300-303. 3) Wetmore, C. M. (1960) : The 

Lichen Genus Nephroma in North and Middle America. Publ. Mus., Michigan 
S. U., Biol. Series 1 (11) : pp. 369-452. 4) Kuwada, Y., Kamiya, K. and 

Nuno, M. (1969) : The Structure of Nephroarctin. Chem. Communications,, 
the Chem. Society, London 2: 78. 


Explanation of Plate IX 

Figs. 1, 3, 5. Crystals of pure nephroarctin recrystallized in GE (Fig. 1),, 
oT (Fig. 3), and An (Fig. 5). Figs. 2, 4, 6. Crystals of cold benzene 
extracts recrystallized in GE (Fig. 2), oT (Fig. 4), and An (Fig. 6). 

* * * * 
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CO^^., Wetmore “carotenoid” 

“carotenoid” ©Rf—© 
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J|[$) Ichiro Sasaki : On the cultivation of 
medicinal Peony, Paeonia sujfruticosa 
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